Introduction {#S0001}
============

Androgen deprivation therapy (ADT) is the mainstay of medical treatment of advanced prostate cancer (PCa). Although primarily indicated when evidence exists for systemic PCa, ADT is also administered in other clinical settings, including combination therapy in high-risk patients undergoing radiotherapy, findings of lymph node metastasis after radical prostatectomy, or selected locally advanced cancers unfit for radical treatment.[@CIT0001] In disagreement with contemporary guidelines, even a rise in PSA after definitive treatment is often considered as a sufficient trigger to initiate ADT. The Italian CHOICE study showed that a significant proportion of patients with PCa receive inappropriate ADT in terms of guideline-discordant use, exposing them to relevant side effects without survival benefits.[@CIT0002]

Considering the prevalence of PCa, which is currently the most common solid tumor for men,[@CIT0003] a huge number of patients are exposed to ADT and its side effects. Among them, there are hot flushes, loss of libido, sexual dysfunction, fatigue, anemia, bone loss, and metabolic changes that include weight gain, insulin resistance, dyslipidemia, and lipid alterations, contributing to a significantly increased risk of diabetes and cardiovascular (CV) events.[@CIT0004],[@CIT0005] Indeed, multiple observational studies have linked ADT use to an increased risk of CV events,[@CIT0006]--[@CIT0010] even if data on CV mortality remain equivocal.[@CIT0011],[@CIT0012] Based on available evidence, the Food and Drug Administration mandated the inclusion of additional safety information to GnRH agonist drug labels in 2010, whereas the European guidelines advocated special attention to the risk-to-benefit ratio of ADT in patients with a higher risk of CV complications.[@CIT0001],[@CIT0013]

Among different types of ADT, GnRH antagonists might have a better CV risk profile compared with GnRH agonists: a pooled analysis of 2328 patients from six randomized trials of degarelix versus leuprolide found that degarelix was associated with a significantly lower risk of CV events, and this effect was particularly seen in patients with pre-existing CV disease.[@CIT0014]

So far, findings are not conclusive and new evidence is highly required to address data gaps, from research on molecular mechanisms and biomarkers to clinical studies and real-world evidence generation. In light of such consideration, we structured a study with the aim to evaluate the incidence of overall CV events (acute myocardial infarction, ischemic heart diseases, cerebrovascular diseases, cardiac dysrhythmias, heart failure, atherosclerosis, aneurism, other CV-related conditions) in a large contemporary cohort of Italian patients diagnosed with PCa treated with ADT, comparing GnRH agonists and antagonists in terms of cardiac events.

Patients and Methods {#S0002}
====================

Data Source {#S0002-S2001}
-----------

The current real-world evidence study relied on data extracted from administrative databases from three local health units (LHU) and two Regions geographically distributed in Italy, including approximately 9,500,000 health-assisted individuals. The following databases were used: i) beneficiaries database for patient demographic characteristics; ii) pharmaceuticals database, which provides data on the Anatomical-Therapeutic-Chemical (ATC) code of the drug dispensed, drug name, number of packs and units per pack dispensed, and prescription date; iii) hospitalization database which includes all hospitalization data with primary and secondary discharge diagnosis codes classified according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); iv) outpatient specialist services database, which contains all information about patients' diagnostic tests and visits. The patient code in each database allowed electronic linkage between all different databases. To guarantee the patients' privacy, an anonymous univocal numeric code was assigned to each subject included in the study, whereas study results were produced as aggregated summaries. As per Italian law,[@CIT0015] this study was notified to the local ethics committees of the Regions involved in the study.

Study Population {#S0002-S2002}
----------------

PCa patients were included if they presented at least a prescription for GnRH agonists, ATC code L02AE \[buserelin (ATC code: L02AE01), leuprorelin (ATC code: L02AE02), goserelin (ATC code: L02AE03), triptorelin (ATC code: L02AE04), histrelin (ATC code: L02AE05)\] or GnRH antagonist (degarelix, ATC code: L02BX02) between January 2013 and December 2016 (inclusion period). Index date (ID) was the date of first ADT prescription during inclusion period, and patients were characterized before ID (characterization period) and followed-up until December 31^st^, 2017 (follow-up period). Patients were defined "ADT-naïve" if they did not have a prescription for ADT in the 2 years before ID; otherwise, they were considered "ADT-experienced". Exclusion criteria were age ≤20 years, breast cancer diagnosis (identified by ICD-9-CM codes: 174, 175, 233.0, 198.81), concomitant therapy with abiraterone (ATC code: L02BX03), antiandrogens (ATC code: L0DBB), or cyproterone acetate (ATC code: G03HA01) during follow-up. Combination treatments were excluded in order to investigate the true effect of GnRH therapy (agonist vs antagonist) on the outcomes. To obtain a more fine-tuned investigation regarding the impact of GnRH agonist and antagonist therapy on the outcome, the same analyses were performed in a sub-cohort of patients without previous CV events.

Study Variables {#S0002-S2003}
---------------

Demographic and clinical characteristics were evaluated during characterization period. For each patient, the following clinical variables were considered: hypertension (at least 2 prescriptions for hypertensive drugs ATC code: C02, C03, C07, C08, C09); diabetes (at least 2 prescriptions for antidiabetics ATC code A10 or at least one hospitalization discharge diagnosis of diabetes, ICD-9-CM code 250); dyslipidemia (at least 2 prescriptions for lipid-modifying agents ATC C10 and/or at least one hospitalization discharge diagnosis of disorders of lipoid metabolism, ICD-9-CM: 272 or dysmetabolic syndrome ICD-9-CM: 277.7); cardiac therapy (at least 2 prescription for drugs ATC code: C01); CV events (both primary and secondary diagnosis at discharge of: acute myocardial infarction and other forms of ischemic heart disease ICD-9-CM: 410--414, cerebrovascular disease ICD-9-CM: 430--438, cardiac dysrhythmias ICD-9-CM: 427, heart failure ICD-9-CM: 428, atherosclerosis and aortic aneurysm and dissection and other aneurism ICD-9-CM: 440--442, other CV-related conditions ICD-9-CM: 401--405). Switch between GnRH agonists and antagonists was defined as the presence of a GnRH agonist/antagonist type of therapy during follow-up period different than that prescribed at ID. Since our aim was to investigate the effect of GnRH agonist versus antagonist therapy, patients undergoing such a switch during follow-up were excluded from analyses assessing CV events in order to obtain two "clean" treatment groups, in which the effect could be solely related to the current treatment. Mean time to switch ±SD was estimated in months. Mean time to CV event ±SD was expressed in years.

Statistical Analysis {#S0002-S2004}
--------------------

Continuous variables were reported as mean and standard deviation (±SD), whereas categorical variables were expressed as numbers and percentages. Incidence rate of CV events was calculated as the total number of CV episodes per 100 person-years in each group. Incidence rate of all-cause mortality was calculated as the total number of deaths for all-cause per 100 person-years in each group. Chi-Square test was used to compare incidence of CV events between the two treatment groups. Cox proportional hazard model was used to estimate hazard ratios (HR) and 95% confidence intervals (CI). The model was adjusted for potentially confounding variables: age, hypertension, diabetes, dyslipidemia, cardiac therapy and previous CV events (the latter in the overall cohort only). These variables were chosen because they can represent independent risk factors for onset of CV events. Kaplan--Meier method was applied to analyze survival to CV events in both treatment groups.

The risk of missing data was minimized since administrative databases capture health resources provided outside the LHU and Regions for all health-assisted patients. Given the nature of databases, no missing data were reported; therefore, no imputation techniques were used.

All analyses were performed using STATA SE, version 12.0.

Results {#S0003}
=======

Overall Cohort {#S0003-S2001}
--------------

From the original 19,858 PCa patients identified, 9785 respected the enrolment criteria, as shown in [Figure 1](#F0001){ref-type="fig"}. Among these, 9158 (93.6%) were treated with GnRH agonists while 627 (6.4%) were in therapy with GnRH antagonists. Of the patients included, 3497 (35.7%) were ADT-naïve (86.6% treated with GnRH agonists and 13.4% with GnRH antagonist) and 6288 (64.3%) were ADT-experienced (97.5% on GnRH agonists and 2.5% on GnRH antagonist).Figure 1Flowchart of included patients.**Notes:** Patients were defined ADT-naïve if they did not have a prescription for ADT in the 2 years before index date. Patients were defined ADT-experienced if they had at least one prescription for ADT in the 2 years before index date.**Abbreviations:** AA, antiandrogens; ADT, androgen deprivation therapy; CV, cardiovascular; GnRH-a, gonadotropin-releasing hormone agonists; GnRH-ant, gonadotropin-releasing hormone antagonist; PCa, prostate cancer.

Baseline characteristics of our cohort are detailed in [Table 1](#T0001){ref-type="table"}. Mean age was 76.8 years. Most patients had hypertension (70.1%), while only a minority had diabetes (16.1%) or dyslipidemia (32.4%). One thousand three hundred and thirty-four patients were under some sort of cardiac therapy (13.6%) and 864 (8.8%) had previously experienced a CV event. As for ADT, 93.6% of the cohort had a prescription for GnRH agonists, and 6.4% for GnRH antagonists. Patients in the agonist group were significantly older than the antagonist group (mean 76.9 versus 74.8), while the other clinical variables considered were similarly distributed among the two groups.Table 1Baseline Characteristics of Prostate Cancer Patients Treated with GnRH Agonists or Antagonists According to Type of TreatmentStudy PopulationGnRH AgonistsGnRH AntagonistP ValuePatients n (%)9785 (100.0)9158 (93.6)627 (6.4)Age (mean ± SD)76.8 ± 8.576.9 ± 8.574.8 ± 8.2\<0.001Age median (IQR)78 (11)78 (11)76 (11)Hypertension n (%)6855 (70.1)6423 (70.1)432 (68.9)0.513Diabetes n (%)1579 (16.1)1483 (16.2)96 (15.3)0.561Dyslipidemia n (%)3170 (32.4)2956 (32.3)214 (34.1)0.337Cardiac therapy n (%)1334 (13.6)1249 (13.6)85 (13.6)0.954Previous CV events n (%)864 (8.8)803 (8.8)61 (9.7)0.412Follow-up period (mean years ± SD)3.1 ± 1.5Follow-up period median, (IQR)3.3 (3.0)[^2]

Patients were followed-up for a mean time ± SD of 3.1 ±1.5 years (median time \[IQR\] 3.3 \[3.0\] years). Among patients treated with GnRH agonist at ID, 61 of them switched to a GnRH antagonist during follow-up, with a mean time to switch of 20.7 ±13.6 months. In the GnRH antagonist group, number of patients switching to agonist was 97, with a mean time to switch of 19.8 ±13.1 months.

The following analyses were performed considering the 9627 patients who had not switched ADT. In this population, the incidence of reported overall CV events was significantly higher in patients treated with GnRH agonists rather than antagonist (8.8 vs 6.2 per 100 person-years, p=0.002). Mean time to CV event was beyond 1 year of treatment in both groups ([Table 2](#T0002){ref-type="table"}). A similar trend was observed for all-cause mortality incidence rate, which was 9.06 and 7.83 per 100 person-years for GnRH agonist and GnRH antagonist, respectively, although the difference was not statistically significant. In the multivariable regression analysis (Cox analysis) age, hypertension, dyslipidemia, ongoing cardiac therapy, and previous CV events represented independent risk factors of a new CV event, while patients treated with GnRH antagonist were associated with a lower risk of experiencing CV events than GnRH agonist \[HR (95% CI): 0.76 (0.60--0.95), P value 0.018\] ([Table 3](#T0003){ref-type="table"}). The incidences of specific CV events as acute myocardial infarction ([[Supplementary Tables S1A](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul} and [[S3A](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}) and stroke ([[Supplementary Tables S2A](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul} and [[S4A](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}) were consistent with the tendency observed for overall CV events, although the low number of these two CV specific events did not allow to observe statistically significant differences in the two treatment groups. In the overall cohort, previous use of ADT therapy did not influence the effect of GnRH therapy: both ADT-naïve and ADT-experienced patients treated with GnRH antagonist still had a lower risk of CV events than the ones with agonists \[HR (95% CI): 0.789 (0.625--0.997), p value 0.047\] ([[Supplementary Table S5A](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}). Kaplan-Meier survival curve for overall CV events in GnRH agonist and antagonist groups is shown in [Figure 2A](#F0002){ref-type="fig"}.Table 2Incidence Rate of CV Events in the Overall Cohort of Prostate Cancer Patients Treated with GnRH Agonists or AntagonistsGnRH AgonistGnRH AntagonistP ValuePatients (n)9097530Patients with CV events (n)220676\<0.001Overall number of CV events (n)5478170Time to event (mean years ± SD)1.6 ± 1.31.2 ± 1.1Time to event (median, IQR)1.3 (1.9)1.0 (1.5)Incidence rate/100 person-years8.806.240.002[^3] Table 3Incidence of CV Events in the Overall Cohort of Prostate Cancer Patients Treated with GnRH Agonists or Antagonists According to Characteristics at BaselineHR95% CI min95% CI maxP ValueAge1.051.041.06\<0.001Hypertension1.571.401.75\<0.001Diabetes1.060.971.160.198Dyslipidemia1.631.391.91\<0.001Cardiac therapy1.581.421.75\<0.001Previous CV events3.272.753.89\<0.001Treatment GnRH agonists1.00 GnRH antagonists0.760.600.950.018[^4] Figure 2Kaplan-Meier survival curves of incidence of CV events in GnRH agonists and antagonist-treated patients at 5 years considering (**A**) overall cohort, (**B**) sub-cohort of patients without previous CV events.**Abbreviations:** CV, cardiovascular; GnRH-a, gonadotropin-releasing hormone agonists; GnRH-ant, gonadotropin-releasing hormone antagonist.

Sub-Cohort of Patients Without Previous CV Events {#S0003-S2002}
-------------------------------------------------

A secondary analysis focused only on a sub-cohort of patients without a history of CV events (n 8921). The baseline characteristics of this sub-cohort, which reflect the overall one, are detailed in [Table 4](#T0004){ref-type="table"}. Among these patients, only 6.3% was treated with GnRH antagonist.Table 4Baseline Characteristics of Prostate Cancer Patients Treated with GnRH Agonists or Antagonists Without Previous CV Events According to Type of TreatmentStudy PopulationGnRH AgonistsGnRH AntagonistP ValuePatients n (%)8921 (100.0)8355 (93.7)566 (6.3)Age (mean ± SD)76.6 ± 8.676.7 ± 8.674.8 ± 8.3\<0.001Age median (IQR)77 (10)78 (11)76 (10)Hypertension n (%)6061 (67.9)5682 (68.0)379 (67.0)0.606Diabetes n (%)1333 (14.9)1253 (15.0)80 (14.1)0.577Dyslipidemia n (%)2718 (30.5)2536 (30.4)182 (32.2)0.367Cardiac therapy n (%)1047 (11.7)981 (11.7)66 (11.7)0.954[^5]

Considering the 8774 patients who had not switched to ADT, even in this subset of patients the incidence of reported CV events was found to be significantly lower in the antagonist group as compared to GnRH agonists (7.8 vs 5.3 per 100 person-years, p=0.002) ([Table 5](#T0005){ref-type="table"}). Incidence rate of all-cause mortality was 8.19 in GnRH agonists and 7.46 in GnRH antagonist treated patients per 100 person-years.Table 5Incidence Rate of CV Events in the Sub-Cohort of Prostate Cancer Patients Treated with GnRH Agonists or Antagonist Without Previous CV EventsGnRH AgonistsGnRH AntagonistP ValuePatients (n)8300474Patients with CV events (n)184560\<0.001Overall number of CV events (n)4245140Time to event (mean years ± SD)1.7 ± 1.31.4 ± 1.1Time to event median (IQR)1.4 (2.0)1.1 (1.5)Incidence rate/100 person-years7.835.330.002[^6]

Among patients that did not switch to ADT therapy, the lower risk to experience a CV event among the GnRH antagonist treated patients compared to GnRH agonists \[HR (95% CI): 0.76 (0.59--0.99)\] (P value 0.040) was also confirmed by a multivariable regression analysis (COX analysis) evaluating age, hypertension, dyslipidemia, ongoing cardiac therapy and previous CV events ([Table 6](#T0006){ref-type="table"}). This trend could be suggested also by the incidence of acute myocardial infarction ([[Supplementary Tables S1B](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul} and [[S3B](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}), stroke ([[Supplementary Tables S2B](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul} and [[S4B](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}), and when previous use of ADT therapy was considered as a variable in the regression model ([[Supplementary Tables S5B](https://www.dovepress.com/get_supplementary_file.php?f=249208.doc)]{.ul}) even if these analyses were not statistically significant. Kaplan-Meier survival curve for CV events in GnRH agonist and antagonist groups in this sub-cohort is shown in [Figure 2B](#F0002){ref-type="fig"}.Table 6Incidence of CV Events in the Sub-Cohort of Prostate Cancer Patients Treated with GnRH Agonists or Antagonists Without Previous CV Events According to Characteristics at BaselineHR95% CI min95% CI maxP valueAge1.061.051.06\<0.001Hypertension1.551.381.73\<0.001Diabetes1.090.991.210.081Dyslipidemia1.481.321.66\<0.001Cardiac therapy1.591.411.79\<0.001TreatmentGnRH agonists1.00GnRH antagonists0.760.590.990.040[^7]

Discussion {#S0004}
==========

ADT continues to represent the mainstay of systemic treatment for PCa but has been associated with important side effects: among them, metabolic abnormalities and CV morbidity. Several epidemiological and population-based studies have found that the use of ADT leads to an increased risk of CV events, that can already occur during the first year of treatment.[@CIT0007]--[@CIT0010]

Potential hypotheses of increased CV risk with ADT include metabolic changes caused by low testosterone, which are similar to those observed in subjects with metabolic syndrome, including hypercholesterolemia, hypertriglyceridemia, and insulin resistance.[@CIT0011] However, long-term ADT-induced metabolic changes are unlikely to explain the differences in CV risk between GnRH agonists and antagonists. The difference in CV risk could, therefore, be due to the different mechanism of action: several hypotheses have been formulated to explain this outcome, mainly regarding the patho-mechanisms underlying the risk of CV events, such as the differing effects of GnRH agonists and antagonists on FSH levels or on the GnRH receptor expressed on T lymphocytes.[@CIT0016],[@CIT0017] Preclinical data support the hypothesis that dysregulation of the FSH system plays a role in both the development and progression of prostate cancer, and could be associated to CV morbidity through the FSH receptors expressed on the luminal endothelial surface.[@CIT0018],[@CIT0019] Nevertheless, in a recent prospective Phase II randomized trial comparing GnRH agonist and antagonist therapies in PCa patients with a history of CV disease,[@CIT0020] no difference in endothelial function (primary endpoint) was observed between the two study arms. The destabilization of established vascular lesions such as atherosclerotic plaques, potentially driven by the presence of GnRH receptors on infiltrated T-lymphocytes, has also been proposed as a potential explanation for the diverse effect of ADT therapies on CV morbidity.[@CIT0021] Furthermore, GnRH receptors have been found in the heart, even if a direct link between cardiac GnRH receptor stimulation and GnRH agonist use has not been demonstrated.[@CIT0019] To date, however, these remain only interesting hypotheses to be confirmed in a clinical setting.

Despite all the observational data showing a consistent positive association between ADT and CV morbidity, post hoc analyses from randomized clinical trials (RCTs) have not confirmed this increase in CV risk.[@CIT0012],[@CIT0022],[@CIT0023] Methodological limitations may account for this apparent discrepancy, including selection bias, statistical approaches that did not account for competing risks, a lack of sensitivity in determining CV disease, or confounding factors. A proper randomized trial evaluating the effect of ADT on CV risk and CV mortality remains to be designed, to give a definitive answer on this issue.

Among the limited evidence indicating that GnRH antagonists might have a less detrimental effect on CV health than GnRH agonists,[@CIT0011],[@CIT0014],[@CIT0020],[@CIT0024] a post hoc analysis gathering data from three prospective randomized trials on 2328 patients showed that GnRH antagonist halved the number of cardiac events experienced by men with pre-existing CV disease during the first year of ADT when compared to GnRH agonists,[@CIT0014] with a relative and absolute risk reduction of 56% and 8%, respectively. Our observational data gathered from an Italian population confirm these findings, with a significantly reduced incidence of CV events in patients treated with GnRH antagonists versus GnRH agonists (6.2 vs 8.8 events per person-years), and a protective effect shown by multivariate analysis (HR 0.75). Interestingly, our study is the first to show that this difference is maintained also in patients without a history of CV disease, differently from the findings of Albertsen et al.[@CIT0014]

Albertsen et al found that the difference of CV events between agonists and antagonists becomes apparent within a treatment period of 1 year, appearing more pronounced within 7 months.[@CIT0014] On the contrary, in our study, the time to CV event was more than 1 year in all study groups, suggesting that the mechanisms implied in the process are still to be fully understood.

Our results are in contrast with an observational French study based on 2010--2013 French Health Insurance data, which found no difference between agonists and antagonists in terms of risk of hospitalization for ischemic events, namely myocardial infarction or ischaemic stroke, whichever came first.[@CIT0025] This French study correctly took into consideration potential confounders at baseline but did not investigate the overall risk of CV events. More importantly, as commented by Albertsen, in that study sample size needed for statistical power was not achieved in the GnRH antagonist group, and therefore the hypothesis that GnRH antagonists lower CV complications as compared to the agonists could not be dismissed.[@CIT0026]

Our cohort of patients reflected real clinical practice, and the results of this study must be interpreted taking into account the limitations related to the observational nature of the study based on data collected through administrative databases. Among these limitations, we highlight the lack of detailed information on comorbidities, the clinical stage of PCa, patient lifestyle and other potential confounders that could have influenced the association between type of therapy and CV outcome. Another limitation concerned follow-up length, since patients had different follow-up times because they were enrolled at different times during inclusion period. Moreover, administrative databases do not allow to retrieve information on the cause of death; therefore, it was not possible to report if the mortality was CV- or cancer-related.

Conclusion {#S0005}
==========

This Italian real-world analysis shows that the majority of patients received a GnRH agonist rather than a GnRH antagonist prescription. The methodology applied allowed the evaluation of the CV risk profile related to type of treatment only. The exclusion of patients with concomitant treatments for prostate cancer and of patients switching among GnRH agonists/antagonists provided indeed a clean cohort for the investigation of the effect of GnRH therapies on CV events onset. Moreover, the analyses were fine-tuned on a sub-cohort of patients without previous CV events. The incidence rate of CV events was significantly higher in the GnRH agonist group than in the GnRH antagonist group, both in patients without pre-existing CV disease and in the overall cohort. In line with this result, the regression model analysis showed a potentially better CV risk profile for GnRH antagonists over the agonists. The observational nature of these findings obtained in an Italian cohort through administrative database might limit their reproducibility.
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